Background Caring for an ill or disabled family member imposes a well-documented burden on the caregiver. The benefits of a health intervention may be underestimated if ''spillover'' effects on family members are not captured, resulting in inaccurate conclusions of economic evaluations. Objective To provide an estimate of, and to summarize measurement approaches for, the spillover disutility of illness on family members, relatives, and caregivers, through a systematic review of the literature. Methods The medical (PubMED), psychology (PsycINFO), and economics (EconLit) literatures were searched from inception through February 2012 for published studies measuring spillover disutility of illness on family members and caregivers. Inclusion criteria were (1) studies using preferencebased measures of health-related quality of life, and (2) studies reporting spillover disutility, or (3) studies reporting data from which a spillover disutility could be inferred. Results Fifteen studies were included in this review: seven reported estimates of spillover disutility and eight reported data from which disutility could be inferred. Three studies found no disutility associated with spillover, whereas 12 found measurable effects as large as -0.718 (and two found evidence of positive spillover in subsets of their samples). Generic (indirect) utility instruments were primarily used to measure spillover, including the EQ-5D, QWB, and HUI (n = 13), though two studies used modified versions of the time trade-off technique. Illnesses studied included childhood disorders (e.g., spina bifida, congenital malformations), diseases of the elderly (e.g., Alzheimer's disease and dementia), physically disabling conditions (e.g., arthritis, multiple sclerosis), and medical conditions such as cancer and stroke. The persons affected by spillover included parents, grandparents, spouses/partners, other family caregivers, and household members. Conclusions There is a limited literature on the spillover disutility of illness on family members and caregivers, providing some specific estimates of a generally small, negative effect for particular conditions and individuals. Measurement methods vary across studies and a consensus approach has not yet been reached. Evidence suggests that the inclusion of spillover effects in economic evaluations would increase the relative effectiveness of interventions that address conditions with spillover compared to those without, though such differential benefits may be limited to such specific circumstances.
Introduction
Illness affects more than just the solitary individual who suffers from an acute or chronic condition. Social network research has shown a ''contagion effect'' in which individuals' obesity and smoking extend to their family members and others [1] [2] [3] . Other research has shown that taking care of an ill or disabled individual imposes a welldocumented burden on the caregiver, both in health effects and quality of life [4] [5] [6] [7] [8] . An ill individual also exerts an emotional toll on family members who care about the patient, distinct from the toll of caregiving [9, 10] . Though less-commonly noted, caregiving also confers a positive benefit to some, through feelings of altruism and fulfillment of familial obligations [11] . Overall, research has established that health effects extend beyond one individual to include those surrounding him or her, including those physically present and those emotionally connected. The landscape of health decision making is altered by the conceptualization of health as a family affair. This paper reviews the literature quantifying the effect of an individual's health on surrounding persons in terms useful for economic evaluation, specifically as health utility.
The definition of spillover effects in health is broad, encompassing a range of what the spillover effect is and whom it affects. The person affected may be providing care to the ill individual or may be related to the individual who is ill, or both [4, 6, 7, 12] . Persons affected by spillover can include caregivers [both formal (paid) and informal (unpaid)], and family members whether caregivers or not [10] , including parents [13] [14] [15] , spouses/partners [16, 17] , children (young children and adult children) [18] , siblings [19, 20] , more distant familial relatives, and sometimes friends acting as caregivers [21] [22] [23] [24] . Spillover effects can include somatic and psychological health [25, 26] , emotional health [27] , quality of life [15, [28] [29] [30] [31] [32] , and wellbeing (including happiness, life satisfaction, etc. [10, 33] ). Other effects extending beyond health include finances [34] , relationship stability (e.g., marriage) [35] , and work (e.g., ability to maintain employment) [36] . Spillover effects can be a direct result of caregiving responsibilities, such as physical stress caused by lifting and dressing a disabled spouse or fatigue from the hours of caregiving tasks [26] , or an indirect result of knowing a relative is ill [10] , such as anxiety or depression due to caring for a parent with dementia [21] or a child with cancer [13] . Caregivers can feel guilt about what they provide or do not provide, and worry about finances and the future [36] . The burden imposed by caregiving can also cycle back to the ill person in terms of guilt about needing assistance, and worry about the demands placed on the caregiver [36] .
The range and scope of spillover effects in terms of people and areas of life affected confirm that spillover is an important component of the total effect of individuals' illnesses, which implies that it is a piece that should be ''counted'' to fully assess both the burden of disease and the benefit accrued by treatment. The original guidance proffered for economic evaluations in health and medicine recommended casting a wide net when measuring costs and benefits of interventions, including these spillover effects on friends and family members [37] . However, in contrast to the direct costs and time costs of caregiving which are typically included in economic evaluations, spillover quality of life effects are generally not included in evaluations of the effectiveness or comparative effectiveness of health interventions, which can lead to an understatement of the benefit of reducing disease [31, 38, 39] . Diseases that have substantial spillover onto others may therefore be undervalued in comparative analyses of treatments where benefits accrue to both the ''patient'' and to surrounding family members, such as childhood conditions where a parent caregiver is substantially affected by the illness.
The importance of including these spillover effects has been noted by many [8, 40, 41] , as has the lack of established methods to do so [31, 42, 43] . Although there is a large literature on the existence of spillover effects, a smaller literature exists on the measurement of such effects, and an even smaller one on the quantification of spillover in metrics that are comparable across conditions and persons affected. These latter measures are generally in terms of health utility [44] , and are the most useful for understanding the scope and range of spillover because they allow for the relative assessment of effects across people and conditions, such as the comparison of the spillover effect on an adult child of a parent with Alzheimer's disease [21] and the spillover effect on a parent of a child with spina bifida [45] . Capturing spillover disutility allows for such comparisons and therefore has the potential to enable the inclusion of family spillover effects into economic evaluations assessing the usefulness of interventions. This paper summarizes the evidence to date from studies that assess spillover disutility of illness on family members and caregivers using health utility. We present both the methodologies used to estimate spillover effects and quantitative estimates of spillover disutility. Our goals are to inform the discussion of the scope and magnitude of spillover effects in health, the measurement of these effects, and their inclusion effects into cost-effectiveness and comparative effectiveness analyses.
Methods of Review
A systematic review of the medical, economics, and psychology literatures was conducted to identify articles that measured the spillover disutility of illness on caregivers and family members. The PubMed, PsycINFO, and EconLit databases were searched from inception (1947 for MEDLINE, 1967 for PsycINFO, 1969 for EconLit) through February 2012 for articles published in English, using combinations of the following categories of search terms to cast the widest possible net for identifying utility studies of spillover: ''spillover'', ''family effect'', ''externalities'', ''external effects'', ''caregiver'', or ''carer''; and ''health-related quality of life'', ''utility'', ''preferences'', ''QALY'', ''HYE'', ''SF-6D'', ''EQ-5D'', ''EuroQol'', ''HUI'', ''QWB'', ''standard gamble'', or ''time tradeoff'' (see ''Electronic Supplementary Material'' for examples of the search strategy). Supplementary sources of articles for inclusion in the review were articles known to the investigators by researchers working in this field, and articles from tables of contents of journals that commonly publish studies in this field (including Quality of Life Research, Medical Decision Making, PharmacoEconomics, and Value in Health). A first round of screening was conducted using the titles and abstracts of all identified articles and applying three exclusion criteria: (1) the study was a duplicate, (2) no spillover utility/disutility was reported, and (3) no comparison group identified and accompanying utility reported (for calculation of spillover utility). For the purposes of this review, utility/disutility was defined as a preference-based measure of health-related quality of life elicited using the time trade-off (TTO), standard gamble (SG), or visual analog scale (VAS, to which a utility transformation was or could be applied), or an indirect utility elicitation method based on these techniques [46] . Of the articles remaining after this screening, the full texts were reviewed to assess eligibility for inclusion using the same criteria. Finally, the bibliographies of the articles remaining after all screening were reviewed for possible additions, which were subjected to the same screening steps described for the database and other source search results.
Articles included in the review were abstracted by a trained research assistant and reviewed by the authors. Elements extracted included the primary person's illness, the person affected by spillover (their relationship to the ill person and caregiving role, if any), the comparison group or method used to calculate spillover, the valuation technique used to measure utility/disutility, and the reported spillover disutility or caregiver/family member utility. Calculations were performed on reported data by the authors of this review to further describe spillover disutility estimates in a consistent manner across studies: utilities were converted into disutilities by subtracting from 1.0; and for studies reporting comparison group utilities only, an estimate of spillover disutility was calculated as the difference between mean family member/caregivers' utility and mean comparison group utility, with EQ-VAS scores transformed into utilities using an established algorithm, i.e., 1 -(1 -EQ-VAS score) 1.95 [46] , prior to calculation. When EQ-5D and EQ-VAS scores were both reported, only EQ-5D scores were included in this review.
Results
The initial database search resulted in 1,866 articles, which were supplemented with 10 articles from other sources (references lists of screened articles (n = 4), articles by researchers known to the authors (n = 5), tables of contents of relevant journals (n = 1)), for a total of 1,876 included in screening. Of these, 1,861 were excluded using established criteria, resulting in 15 studies for inclusion in this review (Fig. 1) . Of these 15, 7 articles reported spillover disutility and the other 8 reported data from which spillover disutility could be inferred/calculated by the authors of this review (Table 1 ). In some cases these data were not the primary outcome measure or focus of the study, but their inclusion nevertheless provided sufficient means to infer spillover disutility from the study results.
Illnesses/Conditions and Spillover Populations Studied
Most articles on spillover disutility reported on the effect on family members and caregivers of specific conditions among specific patient populations (Table 1) . Conditions included childhood disorders (n = 5), diseases of the elderly (n = 5), physically disabling conditions (multiple sclerosis and arthritis, n = 2), medical conditions such as cancer and stroke (n = 2), and the general category of all chronic health conditions (n = 1). Children's conditions included spina bifida (n = 2) [45, 47] , activity limitations [48] , congenital anomalies [29] , and gastroenteritis [15] . Conditions among the elderly included Alzheimer's disease (n = 3) [21, 23, 49] and general conditions affecting this age group (including dementia; n = 2) [22, 50] . Four studies focused on illness in adults, including stroke [24] , multiple sclerosis [30] , cancer [16] , and rheumatoid arthritis [51] . The study focusing on all chronic health conditions included those among children and adults [28] .
Of the three studies that were not disease-or conditionspecific, two were designed to develop measures of caregiver utility. Mohide et al. [50] developed the ''Caregiver Quality of Life Instrument'' to measure caregiver wellbeing, not specifically spillover, using a sample of family caregivers of elderly individuals with chronic degenerative disorders. Davidson et al. [22] developed the ''R-QALY'' to measure spillover in a sample of relatives caring for or supporting older persons with any condition. The third study by Wittenberg et al. [28] estimated spillover disutility on household members of all chronic health conditions reported by adults and children in the US population [28] .
Most of the studies included in this review focused on spillover specifically for caregivers of ill persons as opposed to non-caregiving family members/relatives, and in all cases these were informal family caregivers (with a broad definition of ''family'' to include extended relatives and close friends). Parents, and often mothers, were studied as the primary caregivers of children and the person experiencing spillover from the child's condition [15, 29, 45, 47, 48] . Spouses and adult children were generally the caregivers/spillover individual for ill elderly persons [21-23, 49, 50] , whereas for ill younger adults the caregiver was a spouse or a parent [12, 16, 24, 30] . One study focused on household members of ill individuals without specifying the type of relationship, if any [28] .
Methods Used to Measure Spillover
Methods used to assess spillover included three types of approaches: (1) directly measuring caregivers'/family members' spillover utility or disutility using the SG, TTO, or VAS techniques; and (2) comparison methods, including assessing caregiver/family member utility and comparing it to (a) utility from a comparison population (population norms or a non-spillover-affected control group), or (b) utility assessed using a hypothetical scenario in which the family member was healthy or caregiving was not required. Although comparison methods could in principle use any utility elicitation technique to estimate utility scores for the caregiver/family member and comparison group(s), in practice most used generic (indirect) utility measures (some studies included in this review used multiple comparison methods). The direct spillover measurement approach requires the adaptation of existing direct utility assessment methods to capture spillover, whereas the comparison approaches use existing utility assessment techniques for family members/caregivers and either population valuation sets for the same technique or data from an appropriate control/comparison group (also using same technique).
Direct Spillover Utility/Disutility Assessment
Only one study directly assessed spillover utility using the SG, TTO, or VAS techniques (Table 1) : Basu and colleagues [16] developed a modified version of the TTO to isolate and measure the spillover effect of prostate cancer on a patient's spouse/partner. The authors used a chained TTO in which the anchor state was represented by the spouse/partner's and prostate cancer patient's current health, including any accompanying ''worries'' for the spouse/partner related to the patient's cancer. The TTO All other studies estimated spillover disutility by comparing utilities of family members/caregivers of ill individuals with utilities from a comparison/control group. The studies reporting spillover calculated unadjusted between-group differences in means or adjusted differences through regression analysis or matched samples, whereas the others reported means for each group but did not calculate spillover disutility. Types of comparison groups used included country-specific, age-and gender-adjusted population norms (n = 7), empirically selected control samples (n = 6), and within-subject scores, either across time points (n = 1) or hypothetical scenario evaluations (n = 2) (note: two studies used two comparator groups). Most of the seven studies using population norms as comparators utilized the EQ-5D. Brouwer and colleagues [51] compared EQ-5D scores from Dutch caregivers of patients with rheumatoid arthritis and UK EQ-5D age and gender-adjusted population norms. van Exel et al. [24] compared EQ-5D scores from Dutch informal caregivers of stroke patients with age-and gender-adjusted UK norms as well. Poley et al. [29] collected EQ-5D data from Dutch parents of children with major congenital anomalies, including both the EQ-5D index score and the EQ-5D VAS (EQ-VAS), and compared the former with UK general population norms and the latter with EQ-VAS scores for a hypothetical scenario in which parents' caregiving responsibilities were absolved. Davidson and colleagues [22] compared Swedish EQ-5D scores for relatives of elderly individuals with Swedish population values for the EQ-5D, and with relatives' EQ-5D scores for a hypothetical scenario in which the elderly individual was completely healthy. The EQ-VAS was used by Serrano-Aguilar et al. [23] in a design comparing caregivers of persons with Alzheimer's disease in the Canary Islands to age-and gender-adjusted population norms for the Canary Islands. Neumann et al. [49] and Bell et al. [21] compared Health Utilities Index scores of US family caregivers of patients with Alzheimer's disease with population norms for this instrument.
The six studies that estimated spillover disutility by comparing data from specified control/comparison groups rather than using population norms used a variety of instruments/techniques. Kuhlthau and colleagues [48] analyzed EQ-5D data from the Medical Expenditures Panel Survey (MEPS) for parents with and without children with activity limitations to assess the spillover effect of having a child with this type of condition. Wittenberg et al. [28] compared EQ-5D scores from MEPS of individuals living in households with a child or adult with a chronic medical condition with scores of individuals living alone or with healthy household members. Argyriou et al. [30] compared EQ-VAS data collected from caregivers of patients with multiple sclerosis with EQ-VAS data collected from age-, gender-, and education-matched ''healthy controls''. Mohide and colleagues [50] compared TTO scores of caregivers of elderly individuals with chronic degenerative disorders with TTO scores from individuals with healthy elderly relatives. Grosse et al. [47] and Tilford et al. [45] compared Quality of Well-Being scale data from parents of children with spina bifida with a control sample of parents of non-disabled children.
The studies that used within-subject comparisons included Brisson et al. [15] , who assessed parents' EQ-5D scores at the onset of a child's acute condition (gastroenteritis) and again after the event concluded. Poley et al. [29] compared EQ-VAS scores from parents of children with congenital anomalies for their current health and for a hypothetical health state in which they assumed that ''someone would take on their caregiving activities completely and free of charge''. Davidson and colleagues [22] compared current health EQ-5D scores for family caregivers' of elderly persons with these caregivers' EQ-5D scores described by considering a hypothetical health state in which their relative was healthy.
Spillover Disutility Estimates
Acknowledging the heterogeneity in measurement methods and populations in the spillover literature, reported disutility ranged from -0.015 for family caregivers of the elderly [22] to -0.718 for the spouse of a prostate cancer patient who dies [16] (Table 1) . Several studies reported no significant effect, or a disutility of zero [21, 29, 49, 51] . One study compared spillover across conditions within one population sample to assess relative effect, finding (adjusted) effect sizes from none to -0.03 [28] . Studies reporting data that allowed for our calculation of spillover fell similarly within this range [23, 50] . A couple of outliers in the literature reported positive spillover, meaning utility associated with having an ill family member, including a small positive effect of 0.08 for moderately burdened caregivers of stroke patients [24] and 0.01 for household members of adults with cancer [28] . Most of the spillover literature reported small negative effects, however, with infrequent reports of very large disutility or small positive utility. Variability seems to depend on the ill person's condition and the method used to measure the spillover effect. Results of typical magnitude included -0.04 for parents of children with spina bifida [45, 47] , -0.08 for parents of children with activity limitations [48] , -0.09 for parents of children with gastroenteritis [15] , and -0.14 for caregivers of persons with multiple sclerosis [30] and substantially burdened caregivers of stroke patients [24] .
Discussion
Though the burden of illness on caregivers has been noted for some time, empiric estimates of spillover disutility are sparse and measurement methodologies unproven, creating challenges for the incorporation of this element into economic evaluation. The available studies reporting spillover estimates vary widely in the illnesses studied and the measurement approach used. The general conclusion of the literature is that spillover disutility is small but measurable, and likely correlated with condition, population affected, as well as measurement technique. This evidence suggests that there is a quantifiable component of disease burden that is not currently captured by traditional utility measurement and therefore not included in calculating qualityadjusted life years (QALYs) or other health economic outcome measures. Further work is required to establish valid methods for measuring spillover utility and for integrating this aspect of ill health into economic evaluations and decision analyses.
To the extent that spillover disutility exists, it is an important component of the entirety of benefits associated with an intervention or treatment. That is, if family members' health or well-being is improved by the alleviation of a patient's health condition, their benefit should be factored into the equation of how much ''good'' is received by the remission of that condition [31] . Similarly, if treatments have negative effects on utility, such as increased caregiving or emotional burden to family members, these effects should also be considered in the total utility associated with an intervention. This broader scope of outcomes more accurately captures the entirety of effects that interventions accrue, both positive and negative, to the patient and family members/caregivers, and thereby improves the validity of economic evaluations and comparative effectiveness analyses based on outcome measures. This full scope of costs and benefits has been promulgated since the initial recommendations for economic evaluation of health interventions [37] , and frameworks have been presented to justify its inclusion in cost-effectiveness analyses [38, 52] . The barrier to fulfilling this mandate has been the methodology to measure spillover disutility and to incorporate it into analyses.
The methods of incorporating family/caregiver effects into analyses have in part framed the development of spillover measurement methods. Starting from the premise that illness affects more than just the affected individual (i.e., the patient), analyses can be framed on a multipleindividual basis, including the ''patient'' plus an ''other'', and both individuals' costs and benefits. Such a framework seems reasonable for parent/child pairs or organ transplant pairs, for example, but pushes the question of where to draw the line beyond one ''other.'' Drug abuse treatment, for example, may accrue benefit to co-workers, neighbors, and the broader public, but including all these QALYs seems less reasonable than the parent/child pair. A paired or multiple-individual approach suggests inclusion of the pair's QALYs in analyses, including each individual's utility and therein spillover as well. Measurement methods of these utilities could include assessment of each individual's current health state which would be combined for analysis, or assessment of a dyad health state (by one or the other) for use as a single value in analysis, as would be more appropriate for a parent/child or caregiver/very ill individual pair. Alternately, an individual-based analysis would require the measurement of spillover alone, as an isolated quantity, to be combined with the patient's utility as an additional component of total QALYs. This approach would dictate measurement of ''individual'' spillover, meaning that affecting the ''other'' separate from the patient and separate from the other's baseline utility/current health. The literature includes both measurement approaches as the field has not yet decided upon an incorporation method. Basu [16] and Wittenberg [28] , for example, measure spillover disutility alone, whereas Mohide [50] and current efforts by Al-Janabi and others [53] measure caregiver utility, which could also include the caregiver's baseline health. Little attention has been paid to the distinction between patient-perspective and community-perspective spillover, as it is as yet unknown whether this difference exists nor which perspective is appropriate for use in analyses. This discussion will continue on dual fronts as the field advances.
Attempts to measure spillover disutility alone have been stymied by the small scale and the external nature of the effect, both of which are not well handled by existing utility assessment methods. The measurement of spillover utility is as much a focus of the existing literature as are the estimates of this value. Only one article included in this review used a direct utility assessment method; most used indirect methods and varied the comparison groups for the purpose of estimating spillover. Direct utility elicitation methods are defined by individuals making trade-offs while thinking about themselves and their own health. Adapting direct techniques to measure spillover of illness from another person (usually a relative) becomes tricky and framing is critical: the effect of the relative's illness on the respondent must be isolated and measured, and the tradeoff is now an improvement in just the aspect of the individual's own health that is a result of the relative being ill, separate from his or her own health or the relative's health. This degree of compartmentalization of effects is conceptually difficult for respondents to imagine and to construct in responses, which may lead to double-counting of effects if the separation is impossible. Basu and colleagues' [16] chained TTO for the spillover effects of prostate cancer on a partner/spouse attempted to isolate this effect and arrived at substantially larger spillover disutilities compared with studies using other methodologies. It is also worth noting that this method effectively assessed patient-assessed hypothetical states, which are variants of patient-perspective utilities, and it is as yet unknown how patient-perspective spillover compares to community-perspective spillover (and whether this distinction matters for costeffectiveness analysis /cost-utility analysis). Direct utility elicitation methods are in principle applicable to community-perspective spillover elicitation, though would require considerable cognitive effort on the part of respondents to imagine a hypothetically ill relative as well as the spillover effect on themselves [36] .
Other investigators experimented with combined measurement designs, incorporating elements of direct elicitation and comparison group methods, and patient and community perspectives. Mohide and colleagues used direct utility elicitation (TTO) to assess patient-perspective utilities for family caregivers of elderly persons with cognitive or physical disability, and relatives of well elderly as a control group, as well as TTO scores for hypothetical states describing the health of caregivers in relevant domains (such as worry, time to socialize, undisturbed sleep, and relationship with ill relative) [50] . Although the comparison between utilities for caregivers and relatives of the healthy elderly shed light on spillover disutility, Mohide et al.'s method was primarily designed to measure caregiver utility rather than spillover, which would be useful for analyses using a combined patient/caregiver perspective. Their results also implied spillover disutilities on the high end of the scale found in the literature. Davidson and colleagues defined the ''R-QALY'' (relative's QALY) as the difference between caregivers' current EQ-5D scores and their hypothetical EQ-5D scores imagining that the patient for whom they were caring was healthy (in addition to comparing caregivers' scores with population norms) [22] . This approach estimates spillover isolated from the caregiver's current health, through the use of the hypothetical scenario versus current health comparison, though runs the risk of double-counting the patient's improved health benefit with the respondent's spillover benefit if the respondent cannot effectively separate the two. Their spillover estimates were, however, similar to much of those reported in the literature. In a similar vein, Poley et al. [29] elicited current EQ-VAS scores for parents' of children with congenital anomalies and their imagined EQ-VAS scores for a hypothetical state in which all caregiving responsibilities were provided free of charge by someone else, with the comparison in scores representing the value of the caregiving element of parents' utility. An advantage of the use of hypothetical scenarios to measure spillover is that it allows for the incorporation of both positive and negative aspects of caregiving, such as the altruism in addition to the burden, which together would be lost if health is restored (or caregiving is ''outsourced''). These dual effects may be a realistic portrayal of spillover utility and may be present in other caregiving circumstances as well, so their inclusion is appropriate [9, 10] . Hypothetical scenarios also control for the caregiver characteristics that affect utility separate from spillover, to isolate the spillover effect, though generally elicit patientperspective values rather than presenting these scenarios to community members as is more common with the hypothetical scenario approach. They are similar to other comparison designs to measure spillover except for the nature of the comparison group.
Most of the comparison group designs used population norms as a comparator, though some used empiric values from a matched control group. Anecdotal evidence suggests that caregivers are often individuals who otherwise can accommodate the time demands of the role, and may therefore be unemployed, disabled, or retired, all situations that may be correlated with lower quality of life than the average person [36] . Caregivers may therefore be a select group of individuals who have the time or inclination to take on such responsibility. This self-selection into caregiving suggests that caregivers may have lower healthrelated quality of life than non-caregivers or the general population regardless of spillover effects, which may confound or obscure spillover estimates based on comparison designs. The use of select comparison groups rather than population norms may control for some caregiver characteristics and therefore more accurately capture spillover disutility. Examples of these designs include Kuhlthau and colleagues [48] , who compared EQ-5D scores of parents of children with and without activity limitations, which effectively controlled for the utility of being a parent. Tilford [45] , Grosse [47] , and Mohide [50] , who matched caregivers of a certain type of patient with individuals with the same type of family member who was not ill, controlling for all the attributes associated with being a family member of a certain type of person, minus the caregiving role. These comparison groups do not, however, control for the attributes of choosing or ending up being a caregiver, which may in itself confer utility decrements (or increments) independent of the spillover effect of illness. Wittenberg et al. [28] tried to overcome this bias by using regression analysis to compare EQ-5D scores of all individuals with and without ill household members to adjust for underlying differences in these types of individuals that might explain apparent spillover disutility. They found a small, persistent effect within some conditions after controlling for individuals' own health and other known predictors of utility.
Since most spillover studies used generic (indirect) utility instruments, it is worthwhile to comment on the limitations of these measures in this context, namely the relevance of the domains included in these instruments to accurately capture spillover effects [54] . The combination of positive and negative effects that is inherent to spillover of illness underscores the need for the measurement instrument used to include the correct definition of domains in order to capture this effect. It is likely that mental and emotional health are the domains most affected by spillover, though physical health can be compromised and comorbid conditions exacerbated [36] . Generic utility instruments that include only one or two dimensions related to mental/emotional health may be inadequate to completely capture spillover effects. Supporting this hypothesis, a number of spillover studies using generic utility instruments have found no effect, including the HUI for caregivers of Alzheimer's disease (Bell et al. [21] and Neumann et al. [49] ), and the EQ-5D for caregivers of patients with rheumatoid arthritis (Brouwer et al. [51] ), household members of adults and children with many chronic conditions (Wittenberg et al. [28] ), and the majority of parents studied by Poley et al. [29] . It may be that for certain conditions and/or caregiver relationships, there is in fact so little spillover that it is undetectable (and unimportant for comparative effectiveness analyses), or that certain instruments are less able to capture these effects. Some have gone further to suggest that the dimensions of health included in patient-focused health-related quality of life measures may be fundamentally inadequate to capture caregiver effects, explaining the apparent lack of detectable spillover in some studies [31] . A direct approach such as that used by Basu et al. [16] allows for the inclusion of all aspects of healthrelated quality of life of significance to caregivers and is not limited by the dimensions/domains included in a generic health utility instrument, possibly explaining the larger values estimated by these authors compared with others. On the flip side, however, direct measurement is far more resource-intensive than the use of generic utility instruments, limiting its applicability in practice.
In summary, the studies included in this review used mostly established utility methods and had quite reasonable sample sizes, and provide evidence of the existence of a small spillover effect of illness. This effect is often smaller than the minimally important clinical difference for utility (approximately 0.03) [55] , but may be important when aggregated across a population. The literature suggests patterns of variation in spillover effects, with higher spillover associated with higher severity of conditions, and variation with the attributes of the condition. In the studies included in this review, conditions among children consistently produced small estimates of spillover disutility compared with conditions of adults that were highly variable in their spillover, possibly because of the relatively lesser severity of children's conditions in general or the nature of the parent/child relationship. Conditions among elderly relatives (which were often dementia or Alzheimer's disease) showed high variability in spillover disutility across studies, from none to a very high level. The one study that focused on spillover from cancer (that also used a different measurement technique than the other studies included in the review) showed very high spillover disutility. Some additional evidence reported in the studies in this review suggests that spillover varies with the age and educational status of the caregiver. One area that has been relatively unexplored is the spillover effect of parental illness on young children, likely because of the dearth of utility instruments for children. The persistence of spillover effects across conditions and relationships points to the need to explore the extent of these effects and to identify areas where they do and do not exist which can only be known with larger studies that control for condition, caregiver characteristics, caregiver relationship to the patient, and measurement method. Validation of findings will be supported by more and larger studies, because no gold standard exists for comparison of spillover values, as is true with all utility studies.
Conclusion
The literature presents a strong case that spillover of illness creates disutility for caregivers and family members. What remains unclear is the magnitude of this effect and the situations in which it does and does not occur. There is a need for validation of existing estimates of spillover and for measurement methods. Beyond establishing the existence of spillover, the question of how to integrate these effects into economic evaluation remains. Research is emerging on the methods of including a family member's benefits and costs into analyses, including a recent review on approaches [39] . Accurate and valid measurement of spillover and caregiving utility is a necessary prerequisite to inclusion, as current methods may contain biases of overestimation or double-counting. A valid estimate of spillover utility could reasonably be added to the QALYs accrued to an intervention, provided that spillover was in fact accurately isolated from other effects. Consideration of family-level or dyad QALYs could be an alternative approach if isolation of spillover is impossible, with subsequent integration into analyses. Spillover of illness is clearly an important part of the outcomes picture but many questions remain about how to capture it. This review provides a baseline view of our knowledge to date to guide and inform future efforts.
